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(54) NOVEL TRANSGLUTAMINASE 

(57) Abstract: 

PURPOSE: To obtain the novel enzyme capable of 
catalyzing acyltransfer reaction of θ-carboxamide 
group of glutamine residue in a peptide chain, 
exhibiting Ca 2+ independency and capable of producing a 
high-quality gelled protein even under a low enzyme 
concentration and a low substrate concentration. 

CONSTITUTION: A novel transglutaminase capable of 
catalyzing acyl-transfer reaction of θ-carboxamide 
group of glutamine residue in a peptide chain, 



exhibiting Ca 2+ independency, having an optimum pH in 
the vicinity of about 5 to 8, stable in the vicinity of 
pH5 to 9 and capable of acting on one of 
benzyloxycarbonylglutaminylglycine, 

benzyloxycarbonylglutaminylglycine ethyl ester, 

benzyloxycarbonylglutaminylglutaminylglycine, 

benzyloxycarbonylglycylglutaminylglycylglycine, 

benzyloxycarbonylglycylglycylglutaminylglycine, etc. 

This enzyme can be obtained from a microorganism and 

produce a high-quality protein even under a low enzyme 

concentration and a low substrate concentration. 
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[ejw] Shoots, s*©^-r 



—503— 



(2) 

[«f*J5 1 1 KSift© 7*JL * 3 >SIS© T - * 

b + s©7v;ite#£££«&rs h7>X7* 

p 11^5- 8ftiEai-» 0, pll 5 ~~9ttifiT^£-C& 

n, r;i u if}\ $>^~ nu 

ifji? 5 - n y u > ji y u > > . ^>-y>i u jo 

- Jiyj n t*u> u if a ? s -;i > ; wv^-rn*' 

[0 0 0 1] 

[0 0 0 2] h7> 7. ^^5^— trti. <-^K$a^ a? 

- (r-Glu) -LysaBflUe^^J^^tii. * 

[0 0 0 3] fc*5* 4:«9lCD*r«h^> * TVl * = 7"- 
if&jpjffl L ^ 7 y;Wfc#J t*tf^5 50 

X\ y^ttftttftfc££M«t;:LTfflV>e>n 
[ 0 0 0 4 } 

[Conneilan et al. . v*-V- + H' • ■ ^Dv^3 
;l • 7*3 X h U — Uournal of BiologicalCbemistry) 2 
46#4*§1093-1098H(1971)] StftfASbifcCDHES. jfil 
m\Z&< fifth- [Folk et al., 7 HA"'-fe7. • <> ■ X 
>tf^f^Dy- (Advances iD Enzymology) 38# 109— 
191 H (1973) , Folk etal. , 7 F.'OiiX * -f > * y 
Df-f> * h'J- (Advances in Protein Chemis 

try ) 31^1 -133 M (1977> ] , *-©#*©t*?S'bflr 



^H¥7 - 7 5 5 6 9 

o 

-149645 ^) „ 
[0 0 0 5] L*>U c««l«**©h7>X^il^5 

[0 0 0 6] fifj^S^CDh^>X^^^^7— trii^ffi 

ti. ^©sfj^S5fc© h^>7. t*;l^ ^t— tfii^a t "7 

[0 0 0 7] E(J:©J;^^^^ft^^l:, SdftS^ 
[0 0 0 8] 

/cigfr, *tms. jfigioffigis^ 
© Bjisfett w s i: ^ t' n x & *a ft a> -j /c 0 

[0 0 0 9] fi£oT, *58^©Siea#fc»&ft, a7 v hcO 
[0 0 10] 

<d 9 > no -smmmxte .7. 7 u - £y n ft s -ttr * ;> ^ 

[0 0 1 1] -Tftfc)^, ^0^ti, Ca ?t 4NtflE^Ftt(7>, 
© T > ;KE»S^&ttttE-r S#f«ft h7>X if)i 

— trtc z (Dmmu h ? > x if a 0 2. -y~M<r>ft- 
mmx n 7 7 'J - * y ; ^ -a- -s c t #t ^ a <, 

[0 0 12] X h V 7* h^Jl T^v 'J -?AS^EI£^W 
ic^tt. 7. h l-T'h^lfy'J^ • yj-fc^+Ul^ 
"7A (Streptovertici 1 1 iuni griseocarneum ) IFOl 
2776, X VVfY^JV^ U AA • > T^^^^A • "tr^ 

• XXtT— ■ yt^^OA f S trep t over tic il Liun cinn 
amoneum sub sp. cinnamoneum ) I FO 12852, 7, 
~7 b^)V^> 'J -7A ■ t/^l/^ (Streptovert ic i 1 1 
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3 

ium mobaraense) I FO 138193r***tf 6 *l£c 

[0013] in^t^^JaiL, h^>X^;i/^5 

- tf (ft, £U£BTGase £$tt) ^^^^7^^© 
[0 0 14] *^W*^J6-r-&l'»fct}, ^WiSM^SI 

[0 0 15] X, «ffl-r***««!<73«*«tLT(i- 

— . ^7h>, ^x+^, *-fef-f>. 75 /fie, fisSX 
>fig, v^y^A, *U^A. tt, *Jl->?A, 

[ooi6] mmum\m^^ 

UBTGase ^B^S«HT*ntJm< , *f£L<te 
25~35t;T&-5. *S*l^flfUi*frlC«kOS?S:*^BTG 

m 1 S : J&ttiM5 



(3) 4$Bfl¥7 - 7 5 5 6 9 

[0 0 17] BTGase liatfr»ilTtiJ&«S9t^t3flg0 
3»t<fcO&]fcSn5. «*5«t«fc0 BTGase Sr^St- 

[ooi8] WAti, x^/— ;k 7-th >, -fv^o 

JO 77-f-. ®lri?DT N^77^ — , y;i"5iS, 

^*^^iB#0*ffi^fflttl3feS- X, cn^CD^ 
&£5ff^tC&£-fr**l;:«fc 9 BTGase J: « 

[0019] z5VTzne><nj5mz&oTftp>tLit.m 
i£§a»«s, 

^^St- htr£0&#XteHf§2<Z>*i&S3BTGase £ 
a? [0 0 2 0] BTGase 0>Jgft8M5£tt^>^Jl'* : *> * 

[0 0 2 1] BTGase filtt^tCgS^b^^^^O T 
[0 0 2 2] 



0. 2 M K U XJ£R&ffi% (PH6. 0) 
1.1 Mt + 5 > 

12% h '^od^ 

5%FeCl 3 *6H 2 O (0. 1N-HC 1 fcjfcW) 



[0 0 2 3] fi***ftW 0.05m) dia&A 0. 5ml 



[0 0 2 4] r(Di-5^L-T^^n«>«KBTGase A3 



(4) 



7-75569 



*OlS«t©^M-rSBTGase, fiP^X h h'Vl^i,' 
U OA • ^ErA^X^ 7> (Streptovert icil 1 i urn mobaraen 
se) I F013819 <D h^^.X f)V9 5^- (BTG- 
It**) , XH^Ki^v^A-^'Jt^M 
t^A(Streptoven ici Ilium griseocarneum) 1 FO 12 
776(Oh7>X50l^*~tf (BTG-2t*«) , 

tf— • > tt^^A (Streptoverticillium cinnamoneu J0 
id sub sp. ciDnamoneuiQ ) I FO 12852© h7>X^A 
?3=?— fef (BTG-3t*£) iCOHTCD&JRfcWJ 

ase <Z>#*ffc3*«M4R t-T4. 
[0 0 2 5] a) Mi&pH : 5 - 8 

'L^U C >t t HP + vJl 75 > 37r, 10£r 

J£fcTft:fflMBpHffiffli£#«t>A:. ft. BTG-1CDM38 
pHti5~8tti& B T G - 2 COSJlpHfi 5 . 5 — 

7. 5^ifi('*0, BTG - 3<7)MSpHte5, 5 — 7. 20 

5ttist:&£ (hi. ms, RZfimn&M) . 

[0 0 2 6] b) Miii&ft : 45^55"Cftj5 
£H t L T< > -J)Vt^r> ij.iltf—JU- L - 5 X 

i^'Jv>ttHD*'>^75>S^U pH6, 10# 

fcfa-c<Dftm^mm.mmmz$tsb?t. ft, btg-icd 

S^^fJ55r#ifiT*0, BTG - 2<Dmmumm5 
BTG- 3©Sig^ti45'C#3£t3$>^ 

[0 0 2 7] c) pH££tt : pH5~9ttifi * 

IB 2 



'37r, 10^Pfl5aST<OpH^^#5^t»fc. ft. BTG- 
mpH5~9tti£T£jrr»(9, BTG-2tepK5~9 
MiST^T^O, BTG- 3 tepH6~9ttifiT££T 
»S (0 3, Efl 7 2fct/iail#fi8) . 
[0 0 2 8] d) fi&S&fcte 

fc. ft, BTG- 1 ti40rT«88KfiH4^J$??L. 50"C 
TKt74ftfiH£a*8&#U B T G — 2 tt40'Ct?li86S6i&f4 
50t"CPi56fci&ttaiS5#U BTG-3fi40 
*CT80*IfiH4aWfiFU 50"CTtt53«fi&tt*sa#f 

([3 4, 08, 2&t;@12#fiSJ . 

[0 0 2 9] e) &3miH£ 

BTGase 1 1 h* v JL 7 5 ^ t COS 

[0030] &fi£SSt^>-x;^+>-A;^x;prx 

/^^XJU^'Jv <^ yil't+v*;l tfxjl^;!^ 

[0 0 3 1] L^L, ^Sfi^'OvWv Ai^ 
x.jl ^ 5 xjl y u t-XDmGnfcfcmtJBi hm\ 

z <D&<D&msi&&wmmn 5 bm t u&. 

[0 0 3 2] ^^{i^2^tC^$n^ 0 &i3, 
C B Z > r ;l :t*S A #XjWS«»STab t). Gin 

[0 0 3 3] 
[3c 2 J 



B T G ase 



BTG- 1 



BTG- 2 



BTG- 3 



CBZ 

CBZ- 

CBZ- 

CBZ- 

CBZ- 

CB2- 

CBZ 

Gly- 



G I n- 
Gfn- 
Gln 
Gly- 
G I f- 
Gln 
As n- 
Glr- 



Gly 

Gl y-OE t 
GU-Gly 
Gln-Gly-Glj 
GIt-GId-CIj 

Gly 
Gly 



% 
100 
63 
38 
8 

23 



39 
12 



42 
35 
11 
60 



[0 0 3 4] f) ^M-f u ? \ Zn 2+ HiOS^IB*$ns. 
^ftate^t' 1 mM»£t;:ft*J:5fc&«£K<:*^ [0 0 3 6] 

AT^»^HS-<7c 0 [^3] 

[0 0 3 5] &mtm3 3k\Z7r,-£m a B T Gase tiC 
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(5) 

3 



4&m¥-7 - 7 5 5 6 9 



4 * > 


BTGise 


BTG- 1 


BTG- 2 


BTG- 3 








% 


% 


% 


N o 


n 


e 


100 


100 


100 


C a 


C 


e i 


101 


102 


102 


B a 


C 


( i 


101 


119 


105 


C o 


C 


e i 


103 


103 


103 


C u 


c 


e i 


79 


n 


86 


F e 


c 


*3 


96 


104 


106 


K C 


2 


96 


99 


105 


M g 


c 


'l 


102 


IU 


103 


M n 


c 


£ 2 


98 


97 


97 


N a 


c 


Q 


99 


102 


101 


N i 


c 


Q 2 


102 


100 


101 


P b 


(CH 3 COO) 2 


97 


97 


100 


S r 


C 


f 2 


100 


10J 


100 


Z n 




15 


24 


IK 



[0 0 3 7] g) &*#JC9^ff * N - XtFJ^V W 5 H (N E M £*§T£>) , ^ / 3 — F 

fiH4£iRlJ£Ufc. [0 0 3 9] 

[0 0 3 8] *&£ttH4^l£^$n*« BTGase ISA 30 [14] 

^^DPT-^aU^iiK (p cm b chirrs) . * 

4 U 



m * #J 


BTGfise 


BTG- 1 


BTG - 2 


BTG- 3 




% 


% 


% 


None 


100 


100 


100 


E DT A 


102 


n 


99 


PCMB 




61 


63 


N EM 


5 


5 


3 




64 


50 


«T 


PMS F 


104 


95 


101 



[0040] f^itfPMs Fti7i-;k^f 

[0 0 41] h) %tM& : 8. 9-9. 9 ft-jfi 
7>*^>^«J&«&*ftt;:J;9 5fc&&. BTG 
(pi) ti9ftifiTfeD, BTG-2CD^« 



(pi) 9.8ttifiT$>£o 

[0 0 4 2] i) tt=HL : *538, OOO-fcWl, 000 

(D^Mii#J38,0O0T&D> BTG- 2 tf>^T-Mt£ft4 
1.000T&D, BTG- 3cD^>^Steift41.000T£>£. 



(pi) ti 9.7ttifiT<fcr), ^LTBTG-3(D^ 50 [0 0 4 3] ^IC, BTGase tt^y MTfi^CO h 
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(6) 



438B¥7 - 7 5 5 6 9 



7>X?)l& $1— M (J^tMTGase tSBf) 
SS£Jt&T£o ft, MTGase 12#WBQ58- 149645^ K 

[0 0 4 4] tS5at;:ttfi#*ft¥«ttH©Jttt£, 31 

SMTGase tBTGase £TteBM5fc^WteKt;:*5^ * 



It? 



ase tiMTGase t ti-£K>ttK£^ ZfrlZ&lZ-? Z> *><D 
[0 0 4 5] 





BTGase 


If TP - . - 

MTOase 


B TG - 1 


DTG- 2 


DTG 3 


£ M PH 




5-8 die 


5. 5-7. 5 ttiff 


5. 5-7. 5 tti£ 


6 






5-9 ftifr 


5-9 ftiE 


6-9 


6-7. 5 






5 5°Cftj£ 




4 5 rftia 


50-55°C 


















88 


86 


BO 


96 


5 




74 


56 


53 


40 






38, 000 


ft 41.000 


ft 41, DOO 


0 30 


m u & 




9. 0 


I 7 


J. 8 


4. 5 














CBZ-Gl d-GI y 




100 


100 


100 


100 


CBZ-G1 n-GI y-Ott 




63 


U 


42 


122 


C3Z-G1 n-GI n-Gl j 




38 


39 


35 


288 


CBZ-Cly-Gln-Gly- 


GlT 




12 


11 


126 


CDZ-G I t -G 1 y-Gl n- 


Glj 


23 


58 


SO 


27 



[0 0 4 6] 



%i30-% [^6] 

6 % 





BTGase 


MTGase 


BTG-1 


BTG- 2 


BTG-3 


None 


% 

99 


% 

98 


% 

100 


% 

0 


InK C a C£ 2 


100 


100 


99 


39 


5raM C a C£ 2 


100 


100 


98 


100 



[0 0 4 7] fc\Z B T Gase £fflU**>/^y;Mfc«5 
[0 0 4 8] £*T, SK^&^Wt^Rte, 'Jy>^ 



50 [0 0 4 9] *^{Cffl^SSfiHtUT«flftia 
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[0 0 5 0] Z.tlt>&#y/t>7ll<7> i ffifi%J£A h. 
L - < 3 mS%^_h£>fft#Xte -T$>nti, B T 

Gase ^^jjDia^™, &&^l*y;l#ftjWfe*J55 

mft^fcrnm^nz. BTGase «^>/^ui;.tt 

LTO. 01-2000:3.— y h^JfD, «f*L<<l± 0.1-200a 
-yhSstflK SJ£:**©pHtt4 -10, #£l<H5-8 
ilMU 5-80*0. #£L<<ti40-60rTl0fJ>-24l^ 
IU), *ff± L < (il0fr-2f$f8H >*^*- h-T^^^ffi 

^otC. *.$gtfj© BTGase tt®^Bf*«ST?VWtT 
£5 (SB^>7tj7ftl gfe&OO.Olzi-y hJEA±&n 

[0 0 5 1] C^BTGase S&HKJ: 0+^75: yuffcift 
60-200 rt 1 4>ffl-24l$miin&fflET5 ' tiC «fc 9 3E 

tz&Hft r^ttt^fsen*. zoo?;- /^-&*ns«ii 

Pf. &m$L *fi»)ftt'tBTGase tw<tSS?«ffl^-? 
[0 0 5 2] *fc^>.'^HW«Si:**9H|-r5^i: 

[0 0 5 3] 

[0 0 5 4] %i&m i 

X h I yh^'Jl^v 'J ^A ■ t'?7l>7 (Streptover 
tici Ilium tnobaraense) I FG13819 £tgifc&J&# 'J ^ 

o.2%, if)Vu-7. 0.5%, u^K—AU^a 

0.2%. iKv^^y^A 0. l?WP5fc:2»7M4J&ifc (pH 
7) 200ml K#HiL 30X3, 48l^m«*L, ^bn^ftig 

si^^'i'-yh; 2.0%, r^x^-yyj 2.0%, 
si+x 0.2%, mramtL.T^ , j^^7'.^L ;-y 

Q.Q5%tl>t>y3iZ>igmOL (pH7) tCiJUASOr T 3 B fflig 
*&-3jfiL, Jg*»ftl8. SL^/c. ^COfei^CO^liO.35 

[0 0 5 5] #*?i££i£&TpH6.5 KWMU ^£0.05 
ML) VSK&flrffi (pH6.5;T¥f*MfcLT&^fc^7:7L) 



(7) !&Bfl¥7 - 7 5 5 6 9 

CG-50J n-A ■ 7 ^ H • A-XtfcK 

Sftl-fclfe, $ t»fc0.05— 0.5 M(7)I^IS«f«t©»flf4aiSB* 

[0 0 5 6] «*&£10ms^r T K:fc*<fc-5l;:*&R« IV 
A-t77D-XC L - 6 Bj Offi&fi, 77^v7 
iff ■ -f >ys *;i-tt») ©*^AK:aLfc. ^©»fp 
T h 5 > 7 ^ H ^ 5 t-lf titlf 5 n/c. SiC0.05MU 

>mmmm (ph7) T^*&gs«£i!fc^«EL&», o- 

[0 0 5 7] E*1*at»&<0 r A I L1010J (i$,ft£, M 
0. 05M J > gfrSflf Jf* (PH7) £^X^64fc2^fc a 

[0058] mznrzmmm&ttmmm-vT&¥-m4tL 

Tte^tt t-t? r"r y 7XG -75j (($&£, 7r^v 
^9 > 7 • 77-f >y 5 ts 'H±Jli ^Otf^AlCiEU R 
ilSaf*S&«i(tLTSai»t«:^«Lfc. 
[0 0 5 9] ^©fe«fi&ttiSi^tt¥-©tr-^tLTSS 

[0 0 6 0] ^SSM 2 

-t^^'U^^A (Streptovertici 1 1 ium griseocarneum) 
I FO 12776£30r-C3 Hm#*&^«L#*Jftl9 1 & 

r^>t>tOCOfgttti0.28u/mlT?^^7i 

[0061] mmmz 

^t ^^A • -y-^ * XX fcT— • x^-t^^A (Streptover 
tici Ilium c iDDamoneum sub sp. cinnamoneum) I FO 
12852&30t.-r 3 R^#^^ifiL, Jg*Wil8. 51- 

[0 0 6 2] ^iSfiflfUl i^WjSTSi^UlTS 

4» [0 0 6 3] mum* 

(1) i^Mffl58-149645 H^^SS^il 1 nfc^fetl 

ai.-^-tM>. (2) Na-tff-f^-h, (3) ^Sll 
S?u-7\\>. (4) 7<il7SyD7"'J>. (5) 

a.#>rt? r7v7 r n>s-2j *co^ 
(*) «) . (6) rKMai^W.^^ (7) Kit JR^: a 
^; (8i :AcS.^>a"^)El^ (9) ^s^^/ 1 ?^^ 
-fe.u-, doj-t^^^; --eoft 5*j;^iofi*96©*fiS«t*fc 
t5!K«^5mltC ^SfiMlTMStUfc BTGase 
50 itfiltt2. 50 u^mg protein) ^^>/^lmg^ 
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(8) 

13 

90.02um, 55C HSfWgilH >*^- Kt. 
[0 0 6 4] ^iE&M^, -tJ->^JUcoAofctt»«*« 

T3E35 7gt^L^. 
[0 0 6 5] (2) BTGase (DSMtTSfc*^^^ 

[0 0 6 6] Perry (Perry, S.V. (1975), "Me 

thods in Enzymology " vol.2, pp. 582-588, Academic 
Press, New York) \Z&\\ ^-tt=*=ro*»«fJK25 g ± 0 3 
f&fiCO0.45M KC1, 5mM ATP-MgC h , 50 10 
mMUV&«««t (PH 6.4) tfTOTC, 30^^1^^>->S: 
fflmi, WT?&Rit«i3«tt>Tft* 0.5M KC 1, 20 
mM Tris-maleate(pH7. S^fcttCSWU 10 5 XgT60# 

[0 0 6 7] *>/S 1.5*Tftofc. ^nt3± 

13(1) <h^8©&#TBTGase L^Wt^SrlB 

[0 0 6 8] (3) BTGase CD£H^:■t3fc8&Xfc?^:*- 
[0 0 6 9] £ft¥ (£) 5cm) £>&£tT a? 



^¥7 - 7 5 5 6 9 
(CJftiflTO. lmM D TT> 0. lmM PMSF^fiTT^ty 

v->iiC a-ATPase flHS^ft < 7 t Ofe'&tE 

[0 0 7 0] 3.6&<Z)£ftXfc^*S' 
>ig&5ml (iRffi&c. 0.5M KC 1, 5mM CaCl 
i , 25mM Tris-HC 1 (pH7.5) 5mM DTT) ['^L 

3.6uOBTGase Mfcm £N«©#Sn?»!*D £ 

S&jpu 35rw*m*Jc^mT£^<htc£^TH£;£$ 

[0 0 7 1] ^±©y;^«6©^»J6m^^i:*^i:S5 
7^G>J;3l;:ft'ofc. 

[0 0 7 2] ft, ifcfe^Ji: LT, MTGase l:«tS^ 
teUfcttttil&Sfc^bjfc. MTGase ©Ss;fjD*li£R 

[0 0 7 3] 
[*7] 



—510— 



15 



(9) 
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26 







B T 3a se 


MTGase 
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S 1 


10 
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N a — # -if Y > — h 
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10 
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10 
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o 
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10 
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7y^D>S-2 


5 


o 


X 


10 


o 


o 




5 


o 




10 
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o 




5 


o 


X 




10 


o 


o 




5 
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